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PREFACE

This report is prepared under guidance contained in the Recommended Guidelines
for Safety Inspection of Dams for Phase I Investigations. Copies of these guidelines may
be obtained from the Office of the Chief of Engineers, Washington, D. C., 20314. The
purpose of a Phase I investigation is not to provide a complete evaluation of the safety of
the structure nor to provide a guarantee on its future integrity. Rather the purpose of the
program is to identify potentially hazardous conditions to the extent they can be
identified by a visual examination. The assessment of the general condition of the dam is
based upon available data (if any) and visual inspections. Detailed investigations, testing,
and detailed computational evaluations are beyond the scope of a Phase I investigation;
however, the investigation is intended to identify the need for more detailed studies. In
view of the limited nature of the Phase I studies no assurance can be given that all
deficiencies have been identified.

In reviewing this report, it should be realized that the reported condition of the dam
Is based on observations of field conditions at the time of inspection along with any data
which may be available to the inspection team. In cases where the reservoir was lowered
or drained prior to inspection, such action removes the normal load on the structure, as
well as the reservoir head along with seepage pressures, and may obscure certain
conditions which might otherwise be detectable if inspected under the normal operating
environment of the structure.

It is important to note that the condition of a dam depends on numerous and
constantly changing internal and external conditions, and is evolutionary in nature. It
would be incorrect to assume that the present condition of the dam will continue to
represent the condition of the dam at some point in the future. Only through frequent
inspections can unsafe conditions be detected, so that corrective action can be taken.
Likewise continued care and maintenance are necessary to minimize the possibility of

development of unsafe conditions. .
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DRAFT
PHASE I REPORT
NATIONAL DAM SAFETY PROGRAM

Name of Dam Walnut Hollow Lake Dam

State Located Missouri

County Located Iron

Stream Unnamed Tributary of Big Creek
Date of Inspection 11 November 1980

Walnut Hollow Lake Dam, Missouri Inventory Number 30619, was inspected by
Richard Berggreen (engineering geologist), Leonard Krazynski (geotechnical engineer), and
Sean Tseng (hydrologist).

The dam inspection was made following the guidelines presented in the "Recom-
mended Guidelines for Safety Inspection of Dams." These guidelines were developed by
the Chief of Engineers, U.S. Army, Washington, D.C., with the help of federal and state
agencies, professional engineering organizations, and private engineers. The resuiting
guidelines represent a consensus of the engineering profession. These guidelines are
intended to provide for an expeditious identification, based on available data and a visual
inspection, of those dams which may pose hazards to human life or property. In view of
the limited nature of the study, no assurance can be given that all deficiencies have been
identified.

The St Louis District (SLD), Corps of Engineers has classified this dam as having a
high hazard potential. The SLD estimated damage zone length extends approximately two
miles downstream of the dam. Several occupied dwellings, assorted out-buildings, and
Missouri Highway 40 are located in this damage zone. The contents of the damage zone
were verified by aerial reconnaissance. The loss of life and property could be significant
in the event of overtopping and sudden failure of the dam.

The dam is classified as small, based on its 35 ft height and storage capacity of
87 ac-ft. The small dam classification includes dams 25 to 40 ft in height, or having
storage capacities of 50 to 1000 ac-ft.

Our inspection and evaluation indicate that the dam embankment is in generally
good condition. No evidence of significant erosion, sliding, cracking, slope deformation or

excessive settlement was noted on this dam. No animal burrows were noted.




ii

Seepage and stability analyses comparable to the guidelines are not on record which

is considered a deficiency.

Inadequate spillway capacity is the item of primary concern for this facility.
Hydraulic/hydrologic analyses indicate the 1 percent probability-of-occurrence event
(100 year flood) will be passed without overtopping the dam. The | percent probability-
cf-occurrence event is defined as the flood that has 1 percent chance of occurring in any
one year, or occurs on the average of once every 100 years. These analyses also indicate
any storm greater than 30 percent of the Probable Maximum Flood (PMF) will overtop the
embankment. The PMF is defined as the flood event that may be expected to occur from
the most severe combination of critical meteorologic and hydrologic conditions that are

reasonably possible in the region.

Based on the apparent elevation of the occupied dwellings in the hazard zone below
this dam, it is recommended that 100 percent of the PMF be considered as the spillway

design flood.

It is recommended the following remedial measures be implemented and additional

studies be made for the facilities at Walnut Hollow Lake Dam:

L. Design and construct appropriate spillway facilities to enable the dam to pass
100 percent of the PMF without overtopping the embankment. The spillway system

should be protected from erosion.

2, Seepage and stability analyses comparable to the requirement for the "Recom-
mended Guidelines for Safety Inspection of Dams" should be performed.

3. A trash rack should be constructed at the inlet to the main spillway (18-in.

diameter corrugated pipe).
4.  An evaluation should be made of the feasibility of implementing a practical
and effective warning system to alert the downstream residents, should potentially

hazardous conditions develop at the dam during periods of heavy precipitation.

The owner should take action on these recommendations without undue delay.




As soon as practical, it is recommended that a program of periodic inspections be

implemented to:

1. Inspect seepage areas to identify increases in volume of seepage water or

turbidity (soil) in the seepage water;

2. Inspect slopes for evidence of instability such as cracks or slumping;

3. Inspect the trash rack at the inlet of the main spillway to detect any

conditions that might lead to spillway blockage.

Records should be kept of all inspections and any required maintenance. All
remedial measures should be performed under the guidance of an engineer experienced in

the design and construction of earth dams.

WOODWARD-CLYDE CONSULTANTS

Jlboed Bapgr—

Richard Berggreen
Registered Geologist

o,

Leonard M. Krazynski, P.E.
Vice President
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1. Hazard downstream of Walnut Hollow Dam.

2, Upstream face of dam. Note gravel that protects against wave erosion. Looking
northeast.

3. Downstream face of dam. Looking southwest.

4. Inlet to 18-in. diameter culvert which is the main spillway. Looking east.

5. Outlet and drainage way of main spillway near right abutment. Looking south.

6. Auxiliary spiliway at right (southwest) abutment. Note gravel surface and
lack of erosion rills or gullies. Note ridge in center of reservoir that was
excavated for dam construction. Looking northwest.

7. Outlet to 6-in. dia low-level drain of reservoir. Note lack of evidence
of previous significant flow.

8. Valve control box for 6-in. dia low-level drain. Located at the down-
stream end of drain pipe.

9. Seepage from left half of embankment near the toe of the dam.

10. Seepage on ridge at lower part of the downstream face of the dam.

B Hydraulic/Hydrologic Data and Analyses
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PHASE 1 INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM
WALNUT HOLLOW LAKE DAM, MISSOURI INVENTORY NO. 30619

SECTION 1
PROJECT INFORMATION

General

Authority. The National Dam Inspection Act, Public Law 92-367, provides for
a national inventory and inspection of dams throughout the United States.
Pursuant to the above, an inspection was conducted of the Walnut Hollow Lake
Dam, Missouri Inventory Number 30619.

Purpose of Inspection. "The primary purpose of the Phase I investigation

program is to identify expeditiously those dams which may pose hazards to
human life or property... The Phase I investigation will develop an assessment
of the general condition with respect to safety of the project based upon
available data and a visual inspection, determine any need for emergency
measures and conclude if additional studies, investigations and analyses are
necessary and warranted" (Chapter 3, "Recommended Guidelines for Safety
Inspection of Dams").

Evaluation criteria. The criteria used to evaluate the dam were established in

the "Recommended Guidelines for Safety Inspection of Dams,"” Engineering
Regulation No. 1110-2-106 and Engineering Circular No. [110-2-188,
"Engineering and Design National Program for Inspection of Non-Federal
Dams," developed by the Office of Chief of Engineers, Department of the
Army, and "Hydrologic/Hydraulic Standards, Phase I Safety Inspection of Non-
Federal Dams," prepared by the St Louis District (SLD), Corps of Engineers.
These guidelines were developed with the help of several federal agencies and
many state agencies, professional engineering organizations, and private
engineers.




1.2 Description of Project

a. Description of dam and appurtenances. Walnut Hollow Lake Dam is an

earth dam impounding a lake used for recreational purposes. The dam was
constructed in an arc, convex in @ downstream direction, and crosses two small
drainages separated by a small hill. The result is a rise in the elevation of the
base of the dam near the center of the embankment (Fig 3-A; and Fig A-1,
Appendix A).

There are two spillways at this dam, both located near the right abutment (as

the observer faces downstream). The lower elevation spillway, hereafter

termed the main spillway, consists of an uncontrolled culvert drop structure
and outlet pipe constructed of 18-in. diameter corrugated galvanized pipe
through the right end of the embankment. The top of the inlet end of the pipe L
is at elevation 773.9 ft (MSL). The higher elevation spillway is an uncontrolled
notch cut into the hillside beyond the right end of the dam. This spillway
carries a road from the lake to the downhill side of the dam, and the roadway
acts as the spillway weir and downstream channel. The low elevation on the
embankment crest is 775.8 ft (MSL), while the low point in the spillway is at
elevation 774.8 (MSL).

There is a low-level outlet at the base of the right half of the dam. The outlet
consists of a 6-in. diameter welded steel pipe. It is controlled by a hand-
operated wheel at the downstream end of the pipe. This control wheel could

not be operated during the field inspection.

b. Location. The dam is located on an unnamed tributary of Big Creek,
approximately two miles northeast of Annapolis in Iron County, Missouri
(Fig 1). The dam is in Section 12, T31N, R3E, on the USGS Glover, Missouri
(1968) 7.5-minute quadrangle map. The area is called Walnut Hollow by the
local residents, according to Mr Ed Glick, caretaker of the dam and adjacent
property.

c. Size classification. The dam is classified small based on its height of 35 ft and

its storage capacity of 87 ac-ft. The small size classification is based on a 25
to 40 ft height or 50 to 1000 ac-ft storage volume.




e.

Hazard classification. The St Louis District (SLD), Corps of Engineers has
classified this dam as having a high hazard potential; we concur with this

classification. The SLD estimated damage zone length extends approximately
two miles downstream. Aerial reconnaissance of the downstream hazard zone
identified several vacation and permanent dwellings and Missouri State High-
way 40 in the estimated damage zone (Photo 1).

Ownership. The dam is reportedly owned by the Education Employees Credit
Union, 10326 Old Olive Road, St Louis, Missouri, 63141. Correspondence

should be sent to the attention of Mr Ed Glick, caretaker for the facility.

Purpose of dam. The reservoir impounded by the dam is used for recreational

purposes.

Design and construction history. No design or construction reports were found

for this dam. Information was obtained from Mr Glick, caretaker for the
property. Mr Glick reported the dam was built about 5 years ago (1974 - 1975)
by Buxton Brothers of Ellington, Missouri. We were unable to contact Buxton

Brothers to ask for design specifications or construction reports.

Mr Glick reported the dam was keyed to bedrock, the trench being about
one dozer blade wide. The reservoir area covers two small drainages formerly
separated by a small hill. The hill within the area of the present reservoir was
used as borrow to construct the dam embankment. A portion of the hill
projects through the dam alignment, partially separating the dam embankment
into two halves (Fig 3-A; and Fig A-1, Appendix A).

Normal operating procedures. No operating records or procedures were found
for this facility. Flood flows pass through the uncontrolled culvert spillway or
over the uncontrolled auxiliary spillway.

1.3 Pertinent Data

a.

Drainage area. 0.06 miZ




b. Discharge at damsite.

R

Maximum known flood at damsite Unknown

Warm water outlet at pool elevation N/A (not applicable)

Diversion tunnel low pool outlet at pool elevation N/A
Diversion tunnel outlet at pool elevation N/A
Gated spillway capacity at pool elevation N/A
' } Gated spillway capacity at maximum pool elevation N/A

Ungated spillway capacity at maximum pool elevation 80 ft3/sec

Total spillway capacity at maximum pool elevation 80 ft3/sec

C.

Elevations (ft above MSL).

Top of dam 775.8
Maximum pool - design surcharge N/A

Full flood control pool N/A
Recreation pool 773.9
Spillway crest (gated) N/A
Upstream portal invert diversion tunnel N/A
Downstream portal invert diversion tunnel N/A
Streambed at centerline of dam Unknown
Maximum tailwater Unknown
Toe of dam at maximum section 741.7

d. Reservoir.
Length of maximum pool Approximately 650 ft
Length of recreation pool Approximately 600 ft
Length of flood control pool N/A
e. Storage (acre-feet).
Recreation pool 74
Flood control pool N/A
Design surcharge N/A
Top of dam 87




Reservoir surface (acres).

To}; of dam
Maximum pool
Flood control pool
Recreation poo!
Spillway crest

Dam.

Type
Length
Height

Top width
Side slopes

Zoning
Impervious core
Cutoff

Grout curtain

Diversion and regulating tunnel.

Type

Length

Closure

Access

Regulating facilities

7.1
7.1
N/A
6.7
6.7

Compacted stoney soil
625 ft

35 ft

15 ft (typical)

Upstream unknown; Downstream 2(H)
to (V)

Unknown, probably homogeneous
embankment
Unknown, probably homogeneous
embankment

Dozer cut trench to bedrock (infor-
mation from Mr Glick)

Unknown, probably none

None

N/A

N/A

N/A

N/A

Main Auxiliary
Uncontrolled Uncontrolled,
18-in. diameter unlined, trape-
corrugated, zoidal notch at

galvanized pipe
with vertical

right abutment.




Length of weir
Crest elevation
Gates

Downstream channel

Regulating outlets.

drop pipe to
horizontal discharge
pipe, through
embankment near
right abutment.

N/A 100 ft

773.9 ft (MSL) 774.9 ft (MSL)

None None

Broad swale Along gravel road
through trees running from lake
beyond toe of across spillway

dam. and down broad hill-

side  which forms
right abutment,

6" diameter welded steel pipe. Valve
could not be operated at time of
inspection.



2.1

2.3

SECTION 2
ENGINEERING DATA

Design

No design drawings or reports have been found for the dam or the appurtenant

structures.

Construction

No construction reports were available for this facility. Mr Glick who was on site
when the dam was built reported the dam was constructed about 5 years ago (1974
or 1975) by Buxton Brothers of Ellington, Missouri. We were unable to contact
Buxton Brothers to determine if design documents or construction records are on
file.

Mr Glick reported the dam was constructed of stoney soil borrowed from the small
hill that formerly occupied the center of the reservoir area. A cutoff trench was
made to shallow bedrock, and was about one dozer blade wide. The embankment fill

was compacted with the traffic of the construction equipment.

No other records of construction were available.

ation

The only structure requiring operation at this facility is the low-level outlet at the
toe of the right half of the dam. No records were available that indicated the outlet
had been operated since installation. This outlet is controlled by a hand-operated
wheel at the downstream end of the outlet. An attempt was made by Mr Glick to
operate this control wheel during the visual inspection, but it could not be moved. It

is considered inoperative in its present condition.




2.4

2.5

Evaluation

a. Availability. Information on the design and construction was limited to that
obtained through interviews with Mr Ed Glick, property caretaker.

b.  Adequacy. The available information on design and construction is insufficient
to evaluate the design of the Walnut Hollow Lake Dam.

Seepage and stability analyses comparable to the requirements of the "Recom-
mended Guidelines for Safety Inspection of Dams" are not on record. This is a
deficiency which should be rectified. These seepage and stability analyses
should be performed for appropriate loading conditions (including earthquake
loads) and made a matter of record. These analyses should be made by a
professional engineer experienced in the design and construction of earth
dams.

c.  Validity. The information obtained from Mr Glick appears valid and does not
disagree with findings of the visual inspection. However, the information was

quite incomplete.

Project Geology

The dam is located on the south flank of the Ozark structural dome. The regional
dip is to the south, although significant local dip variations occur around buried and
exposed Precambrian basement highlands. One such highicnd is immediately east of
the dam, probably influencing the dip of the formations to the west.

The bedrock formations in the vicinity of the dam site are mapped on the Geologic
Map of Missouri (1979) as Cambrian age Potosi Formation and Elvins Group (Fig %).
The area is on or very near the contact between these two units. The Potosi
Formation is a medium- to fine-grained, light gray dolomite, which typically
contains an abundance of quartz druse characteristic of chert-bearing formations.
The underlying unit, the Elvins Group, consists of interbedded silty glauconite shale
and thin-bedded dolomite. The bedrock at the damsite is deeply weathered and the
actual bedrock formation cannot be unequivocally determined from the visual
inspection.

— o 4
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The soil at the site is a light tan to reddish urown very rocky to silty clay (CL),
apparently a residual soil developed on the dolomite bedrock formations. The stoney
fraction includes chert and quartz druse, probably derived from the Potosi Forma-
tion, some dolomite fragments, and volcanic rock fragments, probably derived from
the adjacent Precambrian highland to the east. This soil and weathered rock

appears to be the material used in the dam construction. The soil is mapped on the
General Soils Map of Missouri (1979) as Captina-Clarksville-Doniphan Soil
Association.

;‘ Several bedrock faults have been mapped in this part of the Ozarks. The nearest
fault to the site is the Black Fault, approximately 22 mi long, trending northwest-
southeast. The southeast end of the fault is about 7 mi northwest of the site. The
fault is mapped on the Geologic Map of Missouri as having variable displacement
along its length, but is labeled on the Structural Features Map of Missouri (1971) as
northeast side up.

The Grenville Fault is located about 21 mi southeast of the site. It has a mapped
length of 43 mi, trends northeast-southwest, and is mapped as northwest side up.
These faults, like most others in the Ozark region, are not considered to be

seismically active, and are not considered to pose a significant hazard to the dam.

The dam is located about 76 miles northeast of the line of epicenters for the very
large New Madrid earthquakes which occurred in 1811 and 1812. A recurrence of
an earthquake of the magnitude of the New Madrid events could possibly cause
damage at the dam, but a study of this aspect of risk was beyond the scope of this

Phase I investigation.
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SECTION 3
VISUAL INSPECTION

Findings

a.

General. A field inspection was made of the Walnut Hollow Lake Dam on
11 November, 1980. Mr Ed Glick, caretaker for the property, accompanied the
inspection team throughout the inspection. The inspection indicated the dam
embankment is in generally good condition; however, the spillways are

substantially inadequate for the potential flood conditions at the site.

Dam. The dam is constructed of a gravelly, silty clay soil, with some angular
gravel (quartz druse). The soil is a tan to red-brown, moderately plastic
residual clay (CL). The dam has a moderate to low erosion potential due to its
good cohesion and vegetative cover. The upstream face has had the fine soil
particles washed out by wave action, leaving the gravel-sized portion
(Photo 2).

The dam crest did not exhibit any lateral spreading, deformation, or excessive
vertical settling (Photo 2 and Overview). No evidence of any sinkhole

development or animal burrows was observed during the inspection.

The downstream face was vegetated with some berry bushes and a sparse
cover of grass. The slopes did not appear to have undergone any movement.
Some irregularities and bumps observed on the slopes are probably due to the

construction methods and not due to slope movement.

Slow seepage was observed in several locations along the toe of both high
portions of the dam embankment (Fig A-1 and Photos 9 and 10). The seepage
was slow and was estimated at about 1 to 2 gpm in each location with the total
flow of about 10 gpm. Substantial algae growth was observed at the points of
seepage at the time of inspection. Seepage did not appear to be transporting
any soil particles. The reservoir surface was about 6 ft below the spillway
crest at the time of inspection.




C.

d.
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The soil comprising both the upstream and downstream slopes contains a high
percentage of gravel and is judged to be only moderately erodible by moving
water. There were no signs of significant wave erosion on the upstream slope
(Photo 2).

Appurtenant structures. The main spillway consists of an uncontrolled, 18-in.

diameter corrugated galvanized pipe; the configuration is shown in Fig 3-A.
The inlet is not protected by a trash rack (Photo %) and the outlet discharges
near the toe of the embankment into a wooded area (Photo 5). There is some
evidence of limited prior flow through the main spiilway. Both inlet and outlet

are located near the right abutment.

The auxiliary spillway is a trapezoidal, unlined notch cut into the native

_gravelly soil at the right abutment (Photo 6). This spillway is noticably

shallow and was surveyed to be only 0.6 ft below the adjacent compacted
embankment (Fig 3-B). There is no evidence of any prior flow over the

auxiliary spillway.

There is a low-level outlet located near the center of the right portion of the
earth embankment. It consists of a 6-in. diameter welded steel pipe with a
valve on the downstream end. The valve was inoperative at the time of our
inspection (Photos 7 and 8).

Reservoir area. The slopes surrounding the reservoir are heavily vegetated,

with grasses and trees (see Overview Photo). The slopes are approximately
3(H) to 1(V) or flatter. No evidence of instability was noted during the visual
inspection. The beach face of the reservoir has been only slightly eroded by
wave action. There have been no major changes in the drainage basin, such as
road or building construction, that would increase sedimentation in the
reservoir. Sedimentation records were not available, but indications are that
the siltation of the reservoir is slight.

Downstream channel. The discharge channels for both spillways traverse a

wooded area for about 200 ft. The flow will then enter a broad valley clear of
vegetation other than grass. No erosion or need for maintenance has been
noted, and there was very little evidence of substantial spillway flow in the
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five-year history of this dam. Potential obstruction to flow due to fallen trees
does not seem to be a concern in this case, as a very wide area is available for
the flow and flood waters have ample opportunity to find an unobstructed

route away from the dam embankment.

Evaluation

Our visual inspection and evaluation identified only one significant item of concern,
specifically the inadequate capacity of the spillways. This item will be further
addressed in Section 5.

The dam embankment appeared stable and was apparently constructed of good
materials with a high percentage of gravel. The slopes did not exhibit any signs of
detectable deformation and were relatively free of significant erosion.

Two additional items which require future attention are: construction of a trash
rack at the intake into the main pipe spillway and the continued monitoring of the

seepage areas.
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SECTION &
OPERATIONAL PROCEDURES

Procedures

No formal operating procedures were found for this facility., Water level in the
reservoir is controlled by two ungated spillways. Normal operating procedure is to
allow natural drainage through the spillways. The valve for the 6-in. diameter

outlet was inoperative at the time of inspection.

Maintenance of Dam

No records of maintenance were identified for this dam. The only identifiable

maintenance performed on the dam was the cutting of grass on the dam crest.

Maintenance of Operating Facilities

No records of maintenance on the 6-in. diameter outlet pipe were found. The valve
for the outlet was inoperative at the time of our inspection.

Description of Any Warning System in Effect

A warning system was not identified in the inspection.

Evaluation

There is no formal maintenance program in effect for this dam. Some of the small
trees should be removed from the downstream slope before they become well
established. The spillway and spillway discharge channel will probably require
future maintenance after appropriate redesign and enlargement. The development
of a maintenance program and an evaluation of a practical and effective warning
system are recommended for this facility.




5.1

14

SECTION 5
HYDRAULIC/HYDROLOGIC

Evaluation of Features

da.

Design data. No hydrologic or hydraulic design data were available for
evaluation of this dam or reservoir; however, dimensions and elevations of the
dam and appurtenant structures were field surveyed 12 December, 1980 or
measured during the field inspection. Other relevant data were measured
during the visual inspection or estimated from topographic mapping. The maps
used in the analyses were the USGS Glover and Des Arc, Missouri 7.5-minute
quadrangle maps (1968).

Experience data. No recorded rainfall, runoff, discharge or pool stage

historical data were found for this reservoir.

Visual inspection.

1. Watershed. The watershed is natural woodland, forested with mixed
hardwoods and softwoods. The area of the reservoir is approximately 17
percent of the total drainage area of 0.06 miz.

2. Reservoir. The reservoir and dam are best described by the maps and
photographs enclosed herewith. The primary use of this impoundment is for
recreation.

3. Spiliway. The main spillway consists of an uncontrolled, 18-in. diameter
corrugated pipe with an entrance at elevation 773.9. The auxiliary spillway is
a trapezoidal, unlined notch cut into the native gravelly soil at the right
abutment. The auxiliary spillway crest is at elevation 774.9 and the top of the

adjacent compacted embankment is at elevation 775.5.

4.  Seepage. The magnitude of seepage through this dam is very small and
not hydrologically significant to the overtopping potential.
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Overtopping potential. One of the primary considerations in the evaluation of

Walinut Hollow Lake Dam is the assessment of the potential for overtopping
and possible consequent failure by erosion of the embankment. The lowest
portion of the dam considered to be the top of dam for the purpose of
determining the overtopping potential was near the ridge near the center of
the dam (Fig 3-A). The 18-in. diameter pipe spillway was assumed operating
for this evaluation. The 6-in. diameter low-level outlet was assumed to be

inoperative for this analysis.

Hydrologic analysis of this dam for the | and 10 percent probability-of-
occurrence and Probable Maximum Floods (PMF) were ail based on initial
water surface elevations equal to the main spillway crest elevation. This is
supported by the field survey which established that the high water elevation
is slightly below that of the spillway crest. The results of the analysis indicate
that a flood of greater than 30 percent of the PMF will overtop the dam. The
PMF is defined as the flood event that may be expected to occur from the
most severe combination of critical meteorologic and hydrologic conditions
that are reasonably possible in the region. The analysis also indicates that the
spillway will pass the 1 percent probability-of-occurrence flood (100-yr flood)
without overtopping the dam. The total (combined main and auxiliary)

spillway capacity at maximum pool elevation (top of dam) is 80 ft3/sec.

The following overtopping data for the varicus precipitation events were
computed for the dam:

Maximum Maximum
Reservoir Maximum Outflow Duration
Precipitation W.S. Elev., Depth Over 3 ’ Overtopping,
Event ft, (MSL) Dam, ft ft'/sec hrs
30% PMF 775.9 0 80 0
50% PMF 776.3 0.4 250 2.3
1009% PMF 776.6 0.7 600 5.2
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Based on the apparent elevation of the occupied dwellings in the downstream
hazard zone, it is recommended that 100 percent of the PMF be considered as
the spillway design flood.

It should be noted that at 100 percent of the PMF the depth of overtopping
will reach 0.7 feet and the dam will be overtopped for 5.2 hours. During this
time, significant erosion would very likely take place at the low elevation
point in approximately the center of the embankment. With the available data
the total effect on the dam's safety cannot be properly evaluated. It is felt,
however, overtopping for nearly 5.2 hours could develop into an effective dam
breach.

The input data and output summaries for the hydrologic analyses are presented
in Appendix B.

——
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SECTION 6
STRUCTURAL STABILITY
6.1 Evaluation of Structural Stability
a. Visual observations. The visual inspection of Walnut Hollow Lake Dam

revealed that the dam embankment is structurally in generally fair condition.
There was no evidence of lateral spreading or horizontal displacement of the
dam crest. No evidence of sinkholes near the dam or in the surrounding area
was noted. No cracking on the dam or in the visible area beyond the dam toe
was identified. There were no slumps noted on the downstream slope of the

dam. No animal burrows were noted in the embankment.

The slow seepage which was noted in several locations at the toe of the dam
did not appear to be transporting soil particles. This seepage should be
monitored and the amount of flow and turbidity of the seepage should be
checked periodically.

The main spillway, consisting of an 18-in. diameter corrugated galvanized pipe,
appears to be in good condition, but has no trash rack at the inlet. The
auxiliary spillway is also in good condition at present. [t is excavated in
gravelly native soil. The erosion potential is judged to be moderate. At the

present time the spillway depression is very shallow.
Neither spillway has a well-defined discharge channel, but the areas down-
stream of both spillways appear adequate for safe passage of the flood filows.

Erosion in these areas is not expected to represent a safety hazard to the dam.

b. Design and construction data. No design or construction data records were

available for this dam. Limited information on the construction of the dam

was obtained through Mr Ed Glick, caretaker for the dam, and is recorded in i
Section 1.2g of this report. Seepage and stability analyses comparable to the

requirements of the "Recommended Guidelines for Safety Inspection of Dams"

were not available.
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Operating records. No operating records or water level records are maintained

for this facility.

Post construction changes. There have been no identifiable post construction

changes on this dam since its construction approximately five years ago.

Seismic stability. The dam is in Seismic Zone 2, to which the guidelines assign

a moderate seismic damage potential. During a seismic event, liquefaction of
the gravelly, silty clay dam material is unlikely, However, without knowledge
of the soil properties of the embankment materials the seismic stability of the

dam cannot be evaluated.




SECTION 7
ASSESSMENT/REMEDIAL MEASURES

7.1 Dam Assessment

a. Safety. Based on the visual inspection, the dam embankment appears to be in
generally fair condition. Seepage and stability analyses comparable to the
requirements in the guidelines are not on record, which is a deficiency.
Inadequate spillway capacity is the item of primary concern for this facility.
The hydraulic/hydrologic analyses of the spillway, dam, and the reservoir
storage indicate that the dam will pass only 30 percent of the PMF without
overtopping. The apparent elevation of the occupied dwellings in the hazard
zone below the dam indicates that 100 percent of the PMF should be used as
the spillway design flood.

b. Adequacy of information. The visual inspection and survey data obtained for

this evaluation provided sufficient information to support the recom-
mendations presented in this Phase I investigation. The lack of design
documents such as static and seismic stability analyses and seepage analysis
comparable to the requirements of the "Recommended Guidelines for Safety
Inspection of Dams" precludes an evaluation of the static and seismic stability
of the dam. This is a deficiency which should be corrected.

c. Urgency. The deficiencies described in this report could affect the safety of
the dam. Those remedial measures that should be initiated without undue
delay are described in Section 7.2b. The inspection program described in
Section 7.2c should be initiated as soon as practical.

d. Necessity for Phase II. In accordance with the "Recommended Guidelines for
Safety Inspections of Dams," the subject investigation was a minimum study.

This study revealed that additional, in-depth investigations are needed to
complete the assessment of the safety of the dam. Those investigations which
should be performed without undue delay are described in Section 7.2b. It is
our understanding from discussions with the SLD that any additional investi-
gations are the responsibility of the owner.

__.——.——-—-*——-d




7.2 Remedial Measures

Alternatives. There are several general options which may be considered to

reduce the possibility of dam failure or to diminish the harmful consequences

of such a failure. Some of these general options are:

1. Remove the dam, or breach it to prevent storage of water.

2, Increase the height of dam and/or spillway size to pass the PMF without
overtopping the dam.

3. Purchase downstream land that would be adversely impacted by dam

failure, and restrict human occupancy.

4.  Provide a highly reliable flood warning system (generally does not

prevent damage but diminishes chances for loss of life).

Recommendations. Based on our inspection of the Walnut Hollow Lake Dam, it

is recommended that the following actions be taken without undue delay:

L. Prepare a more detailed hydraulic/hydrologic analysis and design a
spillway system capable of passing 100 percent of the PMF without over-
topping the embankment. The spillway should be protected to prevent erosion.

2. Prepare seepage and stability analyses comparable to the requirements
of the "Recommended Guidelines for Safety Inspection of Dams".

3. Construct a trash rack at the inlet to the main spillway (18-in. diameter
corrugated pipe).

4. Investigate the feasibility of a warning system to alert downstream
residents should potentially hazardous conditions develop at the dam during
periods of heavy precipitation.

All remedial measures should be performed under the guidance of an engineer
experienced in the design and construction of earth dams.
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O & M procedures. It is recommended that a program of periodic inspections

and maintenance be developed and implemented as soon as practical. This
program should identify, as a minimum, evidence of instability such as
cracking or deformations on the embankment, and monitor seepage at the toe
of the dam. Changes in conditions such as increased seepage volume or
turbidity in the seepage water should be evaluated. The recommended trash
rack should be inspected to detect any condition that might lead to spillway
blockage. Records of the inspections and maintenance should be kept.

All inspections and maintenance should be evaluated and/or performed by an

engineer experienced in the design and construction of earth dams.
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1. Hazards downstream of Walnut Hollow Dam.

2. Upstream face of dam. Note gravel that protects
against wave erosion. Looking northeast.




4. Inlet to 1B-in. dia culvert which is the main
spillway. Looking east.
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5. Outlet and drainage way of main spillway near right
abutment. Looking south.

6. Auxiliary spillway at right (southwest) abutment.
Note gravel surface and lack of erosion rills or
gullies. Note ridge in center of reservoir that
was excavated for dam construction. Looking northwest.

...




7. Outlet to 6-in. dia lowrlevel drain of reservoir.
Note lack of evidence of previous significant flow.

8. Valve control box for 6-in. dia low-level drain.
Located at the downstream end of drainpipe.




9. Seepage from
of dam.

10. Seepage on ridge at lower part of the downstream
face of the dam
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APPENDIX B
Hydraulic/Hydrologic Data and Analyses

B.l Procedures

a.

C.

General. The hydraulic/hydrologic analyses were performed using the "HEC-1,
Dam Safety Version (1 Apr 80)" computer program. The inflow hydrographs
were developed for various precipitation events by applying them to a
synthetic unit hydrograph. The inflow hydrographs were subsequently routed
through the reservoir and appurtenant structures by the modified Puls
reservoir routing option.

Precipitation events. The Probable Maximum Precipitation (PMP) and the 1
and 10 percent probability-of-occurrence events were used in the analyses.
The total rainfall and corresponding distributions for the 1 and 10 percent
probability events were provided by the St. Louis District, Corps of Engineers.
The Probable Maximum Precipitation was determined from regional curves
prepa)lred by the US Weather Bureau (Hvdrometeorological Report Number 33,
1956).

Unit hydrograph. The Soil Conservation Services (SCS) Dimensionless Unit
Hydrograph method (National Engineering Handbook, Section 4, Hydrology,
1971) was used in the analysis. This method was selected, because of its
simplicity, applicability to drainage areas less than !0 mi”, and its easy
availability within the HEC-1 computer program.

The watershed lag time was computed using the SCS "curve number method"
by an empirical relationship as follows:

_ 2‘0.8 (S+1)O'7

6.5 (Equation 15-4)
1900 Y™*

where: L
'}

S

lag in hours
hydraulic length of the watershed in feet = 1900

1000 - 10
N = 3.699

CN = hydrologic soil curve number as indicated in Section B.2e.
Y = average watershed land slope in percent = 9.0.

([

This empirical relationship accounts for the soil cover, average watershed
slope and hydraulic length.

With the lag time thus computed, another empirical relationship is used to
compute the time of concentration as follows:

T.=1 (Equation 15-3)
0.6
where: Tc = time of concentration in hours
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L = lag in hours.

Subsequent to the computation of the time of concentration, the unit
hydrograph duration was estimated utilizing the following relationship:

AD = 0.133TC (Equation 16-12)
where: AD = duration of unit excess rainfall
Tc = time of concentration in hours.

The final interval was selected to provide at least three discharge ordinates
prior to the peak discharge ordinate of the unit hydrograph. For this dam, a
time interval of 5 minutes was used.

d. Infiltration losses. The infiltration losses were computed by the HEC-I
computer program internally using the SCS curve number method. The curve
numbers were established taking into consideration the variables of: (a)
antecedent moisture condition, (b) hydrologic soil group classification, (c)
degree of development, (d) vegetative cover and (e) present land usage in the
watershed.,

Antecedent moisture condition III (AMC III) was used for the PMF events and
AMC II was used for the | and 10 percent probability events, in accordance
with the guidelines. The remaining variables are defined in the SCS procedure
and judgements in their selection were made on the basis of visual field
inspection.

e. Starting elevations. Reservoir starting water surface elevations for this dam
were set as follows:

(1) 1 and 10 percent probability events - main spillway pipe elevation,
773.9;

(2) Probable Maximum Storm - main spillway pipe elevation, 773.9.

Because the 6-in, diameter low-level outlet pipe was inoperative at the time of
the inspection, it was assumed inoperative during flooding and did not pass any
amount of the flood.

f. Spillway Rating Curve. The spillway rating curve was calculated using
spillway cross sections and assuming critical depth over the spillway. The flow
through 18-in. diameter pipe was calculated separately and combined with ‘
auxiliary spillway rating curve and entered on the Y4 and Y5 cards to the
HEC-1 program.

B.2 Pertinent Data

a. Drainage area. 0.06 miz.

b. Storm duration. A unit hydrograph was developed by the SCS method option of
HEC-1 program. The design storm of 24 hours duration was divided into
5 minute intervals in order to develop the inflow hydrograph.
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c. Lag time. 0.27 hr.
d. Hydrologic soil group. C.

e. SCS curve numbers.

1.  For PMF: AMC Il - Curve Number 87
2. For | and 10 percent probability-of-occurrence events: AMC II - Curve
Number 73.

1. Storage. Elevation-area data were developed by planimetering areas at
various elevation contours on the USGS Glover, and Des Arc, Missouri (1968)
7.5-minute quadrangle maps. The data were entered on the $A and $E cards
so that the HEC-1 program could compute storage volumes.

g. Qutflow over dam crest. As the profile of the dam crest is irregular, flow
over the crest was computed according to the "Flow Over Non-Level Dam
Crest" supplement to the HEC-1 User's Manual. The crest length-elevation
data and hydraulic constants were entered on the $D, $L, and $V cards.

h. Qutflow capacity. The spillway rating curve was calculated from the cross
section data of the auxiliary spillway assuming critical depth in the spillway.
The results of the above were combined with the main spillway rating curve
and entered on the Y4 and Y5 cards of the HEC-1 program.

i. Reservoir elevations. For the 50 and 100 percent of the PMF events, the
starting reservoir elevation was 773.9 ft, the main spillway pipe elevation.
For the | and 10 percent probability-of-occurrence events, the starting
reservoir elevation was also 773.9 ft, the main spillway pipe elevation.

Results

The results of the analyses as well as the input values to the HEC-1 program follow
in this Appendix. Only the results summaries are included, not the intermediate
output. Complete copies of the HEC-1 output are available in the project {files.




E

!

i

)

|
\ﬁwaun-fm .

&
Jay]
R - o
n T
PR
n a - " - — [0
[T _L.
m an )
\L3
0 E 0 ™
u_r m o mm 1)@
[« (Ye) . — e - - S, - — — .~ - - - - - - - o — - Vo)
J o 17
« O I3 mM 18
Do 0 I
p r l O e = w— - —- _— h o e - - _— e - - - - F e — - PSR —— P .- - - - U - -~ - —_ - - —— 20)
S22 o
3
- — — —_ —— e . — —_——— -~ PR - - - — e m—— S - e e e e e — — ——— o h - -— - e — - —— - - P:w.
e
38
e e e e - S OB Y W | e W
0°6LL 0" 0TLlL Sl 0°9LL  S°GLLL AR 92
0°099 0°GE9 0°629 0°0%% 0°02 ‘0 - 1 2 5
— S OV ————— G} .9%2. 8°584 08 »2 =
. b°ELL 38 €2
0°00¢ 8°58L 6°E2L 0°DL2 0°092 0°3G2 38 22 .
e e e e e e e OB 1% e QR %G . $%2 ___*D ¥ 32 4.
*528 *629 G2y *q22 *q21 0°02 0°0€ 0°02 *0 - GA 02
*DBL 26l EREL TRl wCULL 67620 £°GI2  b6*sll  HUELl wA ol
e I= P ST Y YED — —_— ]
1 1 A el
SISATYNY ON1J4OLYIAD ONV INILNOY G004 ™ 9t
[ . R - L. . B S USRI ¥ 1 °] SOOI Y B 53
s 0% - 1- X "
L2°0 t4.] [ 3 §
e e - PR et 8 . Y= e I R - .-
*ocl 021 201 *92 *0 d
0t 290° 2 t "
I . *SNGLLYLNdWOD KO TINI. 34 3NVT MOTIOH INANTUN . IN_
1 KOI4NT O »
00°1 0s* 1 {;
e e e e e el o . U, S I R U £
11 18
0 0 0 0 0 0 0 % 0 T14 e
S e . . *$Q00T4 MNWIXys 3718Y@0d . ... E¥ . __ _.
*%22208 B3F NILISNIH *SANVLITINSNGD 30AI-G¥VYmGIIN t3
*13N0SSIW SAINADD NOBL *6LY0E *ON 4VG *HOVI0H LONTYM Y
——— e -l L~ . - R . R . U UNBIUS PR - 800880082660 08600002000000
bt 334 92 NOTAVITIIQIN QSVWY- - >
L1 ANNT NOISHIA AL349S uva ™|
S §3-234) 39¥NIVE Hevd®  JAW 00834 _ ™
65060300000 0080000¢0 95600000




o 3 442D 3507  SJx3  Nlvd  Q0143d NW'dH ¢0°0W 3 dHD) SS01  $2x3  Nlve  30i3d NW'¥H  vO*OM
K34 0012934-40-0N3 0
‘ 'o lc 'M .- .N .N " .c
I s ‘ol 22 ‘ee *te - %20 T it 4 R 1
o 00°1 =0A e2° =9¥7 *SEN0H 00°0 =31 *S3LVNIOY0 QOI¥3d 40 ON3I A1 HMdvEI03IA4 LINN 2
3
B 8 - 00°6 =#BIL®  G0°=  =NSIUD . 0O Y= - =OLEAS. - oo . s
o a YAVO NOISS3D3Y a
o @ ?
= - m.u cee - .- - — 2 a0V — D00 - =D © e e e e o 2
ol L83 VAVO H4VHO0NTAM LIND
| > .
;ﬁ - M,n 3 S - S 00°¢0 - =MD 123443 001~ —— = SSINEIN . 0026~ -= 04 IAYII--——
— .
o 5 M S o " 9t* 00°0C  00°28- 00°i-  00°1 00°3  00°0C  00°1 00°0  00°0 °
:_l-| P TZ P — e R RHSTIE- —TASND TS NGRS SRS — MRS T0 T Ea— NGNS LS — 1408
. L3 Lo viva 5507
.._ wim m I
o o - s - . 00°0 - 00°G - - 00°0-  00°BET 00°021- 60°20% 60°92—08°9- - — —
I 388 963 2ty 8vy vze Z1y 9 SHd 3448
| 2 LV 4123ds
U1
W C o ) 0 000°0  00°1  30° 00°0  90° 2 1 |
LA I3 3W¥Sl  WONST  J1ivd 24S¥L vOSAL  dVNS viavy  ounl 29aH1
[~
_” S - YAVE HITHOOUBAH - - -~ - S =
- 308
o ° ° 1 ° ° 0 ° 0 "IV4NT a0
. e —— - —BARYE —39¥aSE - PN dBdF - -k VF— - IAVEE— NBII— MBI — BERSE——— — :
L "SHOILYLNGUOD ROTINT 44d UV KOTIOH LNTYY 7
._H NOTLYLAGMOD 340NNE ¥3NV-8NS -
| )
vmﬂul ,,,,, ————— e - 0000008040 - - — 0000000000 - —- - PP EOE PO $EPIOEPOSE — - —- 040000000 =
o 3
] .
t a
7N 00°1  06° =S0t18 “u
N 1 =01187 2 =01L8N T =NYTI4N -
el C el L o 0343048343084 SIS AN N WA o e s
)
— . D -« om0 o Qe e & e mam e e e e
30v81 14787 AWN ¥340¢
0 ) 0 0 0 o ) s 0 882
; e T NYLSN . addl ATl - JBEIN - NEAL - 3 —— AVO - NI - UHN - DN -

NOILY2141D3¢S 8OF

*SONDTIS HNKIXYN 3TI8VEDN .- — - -
oc-uon no_. NDASNROH *SANVLINSNDD ICATI-CHYREI DN
CIUNDSSIN *ALNNDD NDAL *HIOOE °*ON WVG *HOTIOH AN

O LECTY 434
21710718 L3)v3 war

- : - S e S S000005008080800000500000080000008 i
5t 834 32 NOTAVITIIGOM ASVY o

L5t AT NOISHIA ALISvS NvAR (™

t1=23H4) INVNIVY HIVAIIANAK AORIS—_.7°

eABE AL AnABNarArHr TRy Y L T

bt 4 = = : C e




cw. cm.

e L ver %02 %0°21- 19°1 .. . v 16* - 10° 10° - 13 ... 666 - RO}
" sl 2 e e ¥02 oo*etl 10°1 *y 10° 10¢ 10°¢ 03 00°%  t0°1 .
T *2al »° e 1€ €02 §6°91 12°*1 *y 10 10° 10° 6% %6*y  10°1 s
R ~ = *»al 0> e 1t 202 06°91 12°1 °v 10° 10° 10° (1A 06°% —13°1 s
p- *tal 9 1" 1€ 102 6%*91  10°1 °y 10° 10° 10° Ls av°s  10°1 .
. 1 22 1e° 1e* 002 0%°91 10°1 ‘t 10° 10° 10° 2% 0%y 13°t ’
__%;s g SN 0 ) SR T LT (L {1 SR V'S SR 1 £ 53 S T L) IO e T 16* 10° o 65 - 6ETH__10°3 .
bl 3 11 o0° te* 1e* LTy 0E*9E  10°1 4 10°* 10° 10° 33 0E*y  10°1 o
" ® o sl 3 we e 'y 62*31 10*1 ‘e 10° 10° 10° £s s2°y  10°1
..%- b2 N 2 1 20° e 1e* 9ol 02°%1 18°1 ‘e 10° 10 10° - 2% DT — 1D
e g3 a2 32 e e (T3 SI°31  19*1 3 10° 10° 10° 13 sT*s  10°1
Ia > > i 0 e 1€ vol 0t*91  10°1 € 10° 10° 10° L H) oy  12°1
- Rl P H P e e —— EBE-——— 60T D T B — 10—~ 10" b -~ 50%s— 102} e
Pl m g Saty 30° os* oy 261 00°91 10°1 °t 10° 10° 10° iy 00y 13°1 -
, EZ&d o o its 3 ov* os* 161 66%51  10°1 °c 10° 10° 10° Ly 6%°€  t0°% 19
- AL - R T S ¥ £ SRS 1 LY T LR -1 L SRR 13 06°5%-- 10°% —— — %€ - - 10%— - 1Q° 10°- . 3y - — 06" E—30°F
e w3u38 i 30 vee we 681 §%°51  10°1 € 10° 10° 1o° Se 6% 10°t
- 303 2 30° ot°1  11*1 88l 0%*31 10°1 °t 10° 10° 10° vy ov*e  10°t
w— 5T E — i - 3O - T8 — 207 - LBl —— e N "f 30— 10%— 10— SEce— 10}
plo 30 ®O 11 10° YRS B VA2 BT} | 0E°5t  19°1 °t 10° 10° 10° Zy oE*e  10°1
o= 1 20° 0e* " 681 $2°51 10°1 e 10° 10° 16° 1y $2°t  10°1
- — -tk ) 09° 09° - »al 02°61 - 10°1 2 - - 10° - 10° .- 10° . Qb 0206 — 131
po “lat 20 ov° ov* £el s1°51 10°1 °2 10 10° 10° Y3 S1°€  10°1
. *2al 33 oy ve* r 3 D161  10°1 *2 10° 10° 10° (134 or°e 13t
. *dab— 30— QT —— 02" - 181 — — 506} — DI *2 30 10— 10— #5606 10°%
M *tat 2> € te® 081 00°61 10°1 *2 10°* 10° 10° 9E 00°E  10°1 !
..4 ‘Lot 20° e €€" sel §6°vl  12°1 *2 10 10° 10 St 662  10°1
e gl oD . RS~ EE". 821 06wl 10°1 - *2 . - 10* - 00° .- 10° - ME- — -06°2—-13°1-
p- *?al 2 Le* €L et S4°el  10°1 °2 10 00* 10° £¢ S¥*2  10°1
»n 0> LE* tee 91 0v*»1  13°1 *2 10° 0o0* 10° {3 0%*2 13t
N 23— —E" e —— G4l —— GE°P1— 10— %2 10 06" 10— 1E——— 562 —39°3
. 03 Le® €e* vl oE*¥1 10°1 *2 10° 00° 10° 114 0t*z 11
M *art * e €€ t21 2°%1 10°1 *2 10°* 00 16 62 $2°2 t1o°t
- C e e SRk QD% EE* - EET. . 241 - D2Z°%T 2R — . 1 10— 00— 10° Bl — 022 — 1"}
) *ait 29° te* € 1ed Si°syl 10°1 1 10° o0° 10° e sT*2  10°t
N *)it 20 (A €ce 0¢l ol*s1 10°1 1 10° oo° 10°* 92 01°2  19°1
e ¥ S X L ] e R Y L L e e | L 13 42— 60°2 _to0°% |
- *art 3 92° L2 891 00*vyl 10°1 “1 10° 00* 10° v2 00°2  15°1
) o 21 3 9z 2 L9t 6S*El 10°1 1 10° 0o°* 10° €2 ¢6°1 ot
¥ R - - 21 3%, 92— 42 - 991 — . OS®EVID°P - —%Fo . o 10% 00— V022 —— 06— IR
i t »° I2° L2 $91 SOl 10°1 *1 10° 00* 10° 12 6%*1  10°1
i 2t 3 g2 ez v91 ov¥*el 10°1 1 10° vo* 10° 02 o1
o %2 33 Rl 2% K91 - GECET 10— b 3000 — 10%— b
b 2841 »° g9z* Iy L 291 oE*El  tD°1 °1 10° 00* 10° 8t ot
. 8! 30° 92* 2 191 62°ET1 10°1 °1 10° 00* 10° u 62°*1  t1o°t
. - S *alt SIS - W2t 2T 091 . 02°El 10°1 *T . -10% 0D .. T0% . -9 . 02*3 10"
. *3tt 1Y N 9z* 2 661 SI"el1 10°1 *1 10° vo* to0° st St°1  to°t i
’ : *al 10° 92° L2 861 01°El  Td°1 °1 10° oo 10° vl o1*1  12*1 N
S Y S L L T T L e 3 L L e — 10°-——00° —— 10* .. - El1——_60°1 130"
N 2313 »° e 22 Il 00°El 1D0°1 1 10° 00° 10° 21 00°1 10°1
-; 2t 20° e 22 561 6621 10°1 1 10° 00° 10° 1t 65 1o°t
_v - ol § 1 S 12 22% .. 22%. .wel. . 06°21 10°t-. .. °*T ... 10°. 00° . _10° . Ol .. .06°___23°L
' *sh 10° 2ee 2 €91 %21 10°1 1 10° 00° 10°* [N 6o 10°1
-,_. “ts 1 e 22 251 ov°21 12°1 1 10° oo0*° 10* v 0%° 191
J{ SRS e - - s L30% .. 22%-— 22° — 161 - . BE°2V_22°1 .~ *l RO 00% ... .10 il 6L 10
p- ¥ 0 12 22 ool 0E*21 10°1 1 10° 00° 10°* 9 1144 10°1
i *33 e 12 22* 6%1 ¢2°21 12°1 *1 10° 00 10° 3 62° 10°1
o 3 1 12 22 eyl 0z*z1 10°1 1 10° .. 00° 10° v 02°-—39°1
® *ie 1 e 22° vl s1°21 12°1 *3 10° 00* 10° € st 101 >
*i 1 12 22 991 o121 12°1 0 10° 00° 10° H ote 10t
i 19 12 22" (711 0°21 10°1 ‘0 10° 00° 10° 1 s0°* 101
> 3 1) 307 SOx3  Nivs 00L83d WNW*¥H  ¢0°0W 5 dWD)d SSDT  SIx3  NIvz  001¥3d NHSHWH VO OW ¢

W4 NI HIA-AN=NNT




i 3 P4 e0* 092 02°22 13°1 *62 0o° 90° 90° el 0eTob 1918 -
"3l 3 cu* 20°* 92 s1°22 12°*1 Y4 0o* 90° 90° €2t $1°01 10°1
*l PN e0° 20° 392 01°22 10°1 *52 00° 90° 90° 221 01°01 10°t
3L - 3 u* 20° 692 60°22 19*1 *52 00° 90°* 90° 121-- --60°01--19°%
*> 3 20° 20° ¥92 00°22 19°*1 *5e vo* 90°* 9ne 021 60°01 10°1
* b 20° 20° €92 5612 12°*1 *b2 00* 90° 90° ottt $6°6  10°1
m i b N 20° 20° 292 05°12 1%9°) *62 (% 90° 90°* gl - 06610 —— |
a > n b P I 20° 20° 192 e%*12 10°1 *b2 00" 90° 90° Lt e%°6  10°1
. *3 22 20° 20° 092 0%°12 12°1 *62 00°* 90° 90* It 0%°s 13°1
oo — . I 20— —20° - - 652 - - - LE12- ML — - *s2 — QU* --90° - 90° --.%..n-i!rm.ol!:...IJ
m m *t 20° 20° 20° 862 oE*12 121 *62 10° 90° 90° it 0€®e 10°1!
w._w. w * »* 20° 20* (X% s2*t2 10"} *g2 10° 90° 90° £rt %2°6 10°1
= 2 ——— k- 20" 20° -~ 20° - .. 9642 02°12 - 10°V — — . . ..*92 10°* 90° - 90° - .21V - —-02°6—30°3
mm = 10 »* 20°* 20° (14 %1°12 10°1 *az 10° 90° 90° i sl°6  10°1
& 2o ~ N 20° 20°* 20° »o2 o1*1z2 10°t ol 'T4 10° 90° 90° ot 01*6  12°1
w TG m 3L -39° — - 20° ——20% - 662 —--60°V2--10°1— - - *8Z — 10"~ . Q0% —90°-  — ] ——L0°6—20° % —
IR T 3 b Y 3 20° 20° 2%2 0012 10°1 ‘82 10°* 90° 90° 831 00°6 10°1
w.m m ) 314 by N 20° 20°* 162 65°02 10°1 *82 10° 90°* 90° LN %%°¢  10°t
O o OISR 5Y Pag 20" 20°% . 20° 062 - 06°02 10°1- — — - *82 - 10 - -90% . B0~ IIV_ . 06P 3D
m W nm m 1 30 23° 20° 692 59*02 19*1 *82 10° 90° 90° 53t (124 ] 10°1
3t 30° 20° 20° 892 0%°02 10°1 °82 10° 90° 90° vt ov*e  10°t
e — 0 — 20— 20— %2 — - 5£°02 - 10°1 -4 - 10— 90" — 90* — _— £IL——— 6§ ®
*n 20° ¢o* 20° 992 0€°02 10°1 L2 10° 90°* 90° 2N 0€E*e  13°t
* ) 20° 20° (17 $2*02 10°1 2 10°* 90° 90° 1ot sZ°s 10°t
SR S I T T 1 20° - - 20% -  w®2 02°02. 10°1 - 12 - -10%-- —90°. . 90° —.. Ol D29 RO % |
N 20° 20° 20°* Ev2 51°02 10°1 2 10° 90° 90° 6b s1*¢  10°t
3t b} N 20 20° 292 or*02 12*1 X4 to0° 90° 90° 86 ol*e 101t
— 39— 20" —— 20— 12— —60°02—10"1 - — 42 30° 8D —— —90% 3 600 -10%4-
3l b} N 20° 20° (11 %4 00°02 13°1 *32 10° 90" 90° 99 00°¢  10°1
*t 20° 2o* 20° 6€2 $%°61  19°1 *32 10° 90° 90°* 4 %%*¢  10°*1
— - S ke e 3D - —20° -~ 20°----0E2.- - .- D&Y 10X — - *Q2 - RO® — - 90% Q0% .- - - 06%8— 101
*n 30° 20* 20° Le? s¥°61 10°1 *92 10° 90° 90° (4 S¥°¢  10°t
* r Y N 20" 20° 9e2 0vy*bl 12°1 92 10° 90° 90° 2% o8 2 10°1
U ) WU { X — ¥ L S ] L RSN 1 JE——_— Y LY G ¥ L 3 ST ¥ S ¥ SN Y. LN 7, L NPUNNES ¥ \SSS—Y LY W ¥ L3 |
)t 2 20° 20° ve2 otes1  10°1 *52 10* %0°* 90° 06 oe*t 19°1
*3 2 20° 20" €e2 e2°61 12°1 *42 10° <0° 90° 63 62%2  10°1
- ) b} N 20° 20° e 026l  12°1 .. . *62 o 10% . 60* - . 90°% .. B3- -——02°1—I13°%
i »° 2u* 20° 1e2 Sl*s1  10°1 ‘2 10° 0° 90° e s1°e 10°1
it 2)° 20° 20° 0€2 ot*sl 10°1 *y2 10° %0°* 90° £ ] o 1°1
JUSSEE SR LF € U Y A 20° ._-20°%.. 622 - . 60°LY _10°V __ .. _____*®Z.__ ___10° __ _.60° .._.90° . 63 - G0°% __10°% .
*zi b 20° 20°* 822 00°*61 10°1 i ¥ 10° %0° 90° v 00°*2 13°1
*el »° 20° 20° tee 6%°3t  10°1 i ¥4 10° 50° 90° €2 $6°9  10°1
*a 3 20° 20° 922 0s°e1  10°1 .22 10°. $0° . 90° 23 . - 06%9___3)°
*st- PR N 20° 20° 622 sv*81  10°1 12 20° 40" 90° 13 %%°*9 10°1
2 2)° 20° 20" 22 o»°8tl  10°1 *02 20° <0* 90° 0?2 0%°9  10°1
—_ e L2 22° .. 29°- .- 20°- €22 6E*81 10°1l . - _ *b)}.__ 20" G0° - .90 . _ 68 - —— - HE*9__10°
i §4 ) 20° 20° 222 0c*81 10°1 81 20" %0°* 90° 8t 0€°*9  12°1
i N 20" 20° 122 s2°81 10°1 *31 20° s0° 90* tt $2°9 10°1
Lt 30° 20° 20° 022 02°81 10°1 el 20° »0* 90° I - - 02°9__13°
*23 0 20° 20° 612 o131 15°1 °b 20° 50* 90° st ¢1°9  10°1
°z)4 ) 20° 20°* ete vt*3l 19°1 9 20° 0" 90* e o1°9 12°1
S - &l 30 20°* 20° t12 .. s0®81. 10°1 .. "5 20° %0°% - 90° —. £l ----—$0°9___10°% u
Lt 20° »2e (T4 912 00°81 10°1 *y 10° 10° 10° 2t 00°9 1)°1 h_
Lt 30° v v 612 661 10°1 *y i0° 10° to0* 1e 66  10°1 o
3t S R vee v (2 ¥ 05%e1  10°1 *y 10° 10°. -10° ot S T LT S & 13 FOSNRER N
“att 23 ve* vZz* (A ¥ e%*21 10°1 ‘v 10° 10° 10° 53 %v°*s  10°1@ ,
*st b N w2 (T2 212 0v*el  12°1 *y 10° 10° 10° 839 0% 10°1 (.
*y2t 21 w2 T 112 st*21 10°1 *y 10° 10° 10° 3 GE*c  10°1 -
et »* 2 ”2e 012 ottt 12t *y 10° 10° 10° 3 (1] B4 11
21 e vee v2* 502 32°21  12°1 *y 10° 10° 10 %3 62°¢  10°1
*2il M ve* ve* 802 p2*el 131 L 10° 10* 10° v ve*s 1t
*ait 39° (Y& T toe s1°etl  t0°1 *n 10° 10° 10° £? S1°6 101 —
*orl b A [ 7 &d [ i 902 o1*et 19°1 ch 10° 10° 10° 23 01°s 01 .
*ast 23° v vee %02 $0°21 13°1 *y 10° To° 10 13 06 YNl




. °» b "y il . » -
;o s ) * s 5 . . . . ; St 9
N % L3 L2 . . 04 ¢ . s oe .A_
; N 3 2 te t6 o1 11 el *31 .27 aﬁ
T S S S S | B (o :
b 3 299 .wo u vt 5 *3L ‘et e el
. e n T3 ‘461 ‘i1 Wi Yy .
g seii *20% ‘w2 *991 ‘vt *36 0% 3¢ 3 *8¢ -
r a tot LY 8¢ 'Y *ee 12 *9y Y] 1t 49 -
i 99 “t9 ey «29 *29 e23 2y *13 09 s )
o : ‘Lo “es ‘e s2s "1 ‘16 0y - *34 T T P S !
L83 uu ._ou ““. se2 <02 *31 61 51 *1 ‘61
w2 ot et 5t .N“ .N" ...“ .M" - o c
» - . LYY
m B *vt "el ‘vl “vi vl vl vl w“ .n" u“
> - *® » L] -
A28 B L LSl - e e e o o rar ..
w308 ‘el 3 21 s2t 2t T T SN TN 3
EEE I S ¥ N L o
o N 2 -2 .2 .o ¥ 2 . . : :
3 88O .2 .2 . . e 2. F A TP U Y o
..H LT 1 3 o u— .u .-P ”“ ”M ”m
[ 3 - - T
S - S R T O O :
oo ‘ ] ) 0] : 1 1 1 " 1 1 "
u e Y e %Y 0o ®0 o Y Q. S __ 0
e 1 0148 *1 NYT4 804 AITANIVLS &V HIVHIGNOAH .T
L Bd D _ - I =
)10 . . .
* “ze1 -2¢1 13 “901 W N3 SnoHL
= . . U L I Ok . ... _.__332-30.
% 66°5616 66°618 b6°614 »%*659 Wi
M v2°2¢ Y1 82 2¢ 96°62 SIMINT
- —_— el 2 %2 e SRl SWD _
e 26961 e *vg ‘el *929 s 42
e 34N10A IVL0L  UNOH-ZL  ¥NOH-%2  §NOH-9  Nv3d
9 VI2°3EW  DUSLE  D4°229 MI°66B ) T :
‘LLesl Sl  GE°2E O8°€E WNS -
nw" ww” ww” Mw“ u“~ 00%0  20°1 *0¢ 00° %°* 90° vol 00°21 13°1 ﬁ_.
4 23 20° 207 M 2 $6*€2 10°] Y3 00° 90° 90° Evt %511 10°1 o
L - . : . 92.. D0G*EZ 10°l . ... _*DE... 00° _ _90° _. 90° .. 2wl _ _ DS°1L_13°1
“at »- 20° 20° %82 Sv*E2  10°1 ¢ 00° 90°* 90° vt vl 10°1 Hr
.“" 20° 20 20° ve2 0vE2 101 *0¢ 00" 90° 90° owl oV 1L  13°1 o
R ww. . M_.. 20%_ €62 SETE2.10°1 .. _"DE____ ODT._ 90° . 90% . Gil___ SET1L 101l wn_
4 2 ~n. wo. ~"~ pE*EZ  10°1 so¢ 00° 90° 90° et 0E°11  T2°1 B
o 2 20° 0 182 s2°€2 10°1 ot 00 90 90° tet 2°11 10°% -
. . : 20* 082 02°€2 10°1 ‘ot 00* %0° 90° 9:ct 02°TL_13°1-. iad
) "" ww. Mo. 20° 6L2 s1°€2 1371 s0¢ vo® %0" 90° 3] S1°11 10°1
. . 0 20° 6ee ot*€2 10°1 *of 00* 90° 90° vit o1t to°1 [
*at 20° z0° 20° e S0*E2  12°1 0t 0o* 90* 90° £et G0°11 10°1
) ") 20° 20° 20 922 00°€2 10°1 *62 00* %0° 90° Zet 00°11 T0°t
" " 20 20 622 66*22 10°1 *b2 00° 90° 90* et 6601 10°1 ¢
3t 32° 20* 20 vz 0s°22 19°t *62 vo* %0° 9p° pil 06°01 13°1
; ot 2" z0° z0° € 22 10°1 *b2 0o* 90° 90° b2 1 Gy*pl  10°1
ok »* z0° 20° 2e2 ovc2z  19°1% *52 vo* 90° 90° 021 0v°01 10°1 r
_«.;ll!.lal- ‘i-f.VrII - ou. 1i~o.. 20° . Bl2 - - -6E%22 10°V1- - - — b2 -— - 00* - -90°- - 90* .21 ... sE°0-—O'}—M—
) ot 2° z0° 20° 0ee pee22 12°1 *62 00* 90° 90° Y3 0E*DT  10°1 H
! % 2" 20° 20° 592 ¢2*2z 101 “62 00°* 90° 90° 52t 6201 10°1 s
e - - 20" z0° 892 02°22 13°% *62 00*  -90° 90° vt 02°01.--13° 1. s
-,_ - 2" 2o 20° 192 61°22 13°1 *b2 00° 90° 90° €2t s1°01 10°1 .
" o » 20 20° 392 01°22 10°1 *n2 00* 90° 90° 221 01°01 12°1 ’
i 3 »° 20" 20° 692 40°22 12°1 e 00° %0° vo* 121 COO1 IR Y n
* it e 20 >ne L4 nn*3> *y s nne qQrn ane n2t Gneay 1 _.._




v
v

AL

i

ﬁ...

Output Summary

Walnut Hollow Lake Dam

Various PMF Events
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